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Triggering for Charm
Mass and Width of the Narrow Width L = 1 D** Mesons

Relative Branching Fraction and Search for Direct CP Asymmetry in
0O - KK~ and 7t decays

+

Prospect of Search for Direct CP Asymmetry in D -> n¥n"n" decays
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CDF Trigger System

level rate latency

Bunch crossing |2.5 MHz

Level 1 30 KHz 5.5 usec
Level 2 400 Hz 20 usec

Level 1 - eXtremely Fast Tracker (XFT)
P41 >2 GeV/cand P42 > 2 GeV/c

P+1+P+2 > 5.5 GeV/c

Level 2 - Silicon Vertex Tracker (SVT) - two track frigger
each track impact parameter between 120 um and 1000 um

secondary vertex with transverse decay length ny > 200 um

Leyed 3oof ull Event Reconstruction o cs @ coF, bPF@UCR
confirm L2



D** - DO nt, DO -> K nt+c.c.
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trigger
: _ i} CDFII ) CDF I
COHfIPmGTIOH g D'J-H'Du]'[-'-—'l{K.IT g-mml. D'*H'Dn:rr*q'll(':rr*]n* +C.C.
% 8000 + charge conjugate %
s 7000 [ ~10000
vertex and mass £ 6000 7 i
Y 5 s000 j £ o
fit with DO to D* { \ 6 oo
. : 4000 [
pointing constraint 3000 b 2000
= L
2000
1000
/il PR PR
182 184 186 1.88 1.9 *014 0145 015 0155 0.16
K=z Mass [GeV/e’] M(K 1) - M(K 7*) [GeV/e']
ny (DO) > 500 um +30 mass window cuts

8/30/2004 P. Karchin, Charm Physics @ CDF, DPF@UCR 5



+ -
DT -> K n*n* + c.c.
1o CDF Run Il preliminary 193pb”

% 2000\ 5 g 108 D* - Kt
= Two Track Trigger
tri f tion T~ loose cuts
rigger confirma & 1500,
o
third track e -
P+ > 500 MeV/c 1000 |
vertex XZ (xy) < 20
500 |-
limpact parameter of D*|
<= 500 m T 18 185 1.9 195

m(K ©*7*) (GeV/c?)
MK n*n*) - m(K™n*)
>= 0.18 MeV/c2
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Mass and Width of the L=1 D Mesons

D mesons (cq) have radial and anqular excited states.

Precision measurements of masses and widths help refine
heavy quark effective theory.

CDF's large sample of D** and D* decays allows study of the “"narrow” width
L=1, J=1,2 states via the decays

D01,2 — D**x~, D**—=DO0x*, DO—K-n* + charge conjugate
DOs— D*n-, D*—=K*n~n~ + charge conjugate

Note that both D01’2 decay to D** but only D92 decays to D*.
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D** Mass and Width Results

M(DO1)-M(D**) = 411.740.7+0.4 MeV  M(D92)-M(D**) = 594.0 + 0.6 = 0.5

MeV
M(DO1) = 2421.7 = 0.7 = 0.6 MeV
M(D95) = 2463.3 = 0.6 0.8 MeV
r(D%1)=20.0+ 17 = 1.3 MeV .
Source AnrL (Mev) | AT, THeVR)[™ A%A M= F-oNPe Yvev)
MC statistics 0.3 1.2 0.4 1.2
BS mass width 0.1 0.4 0.1 0.5
COT corr 0.1 0.0 0.1 0.0
Tracking/B field 0.1 0.2 0.1 0.2
FD= masses 0.5 - 0.5
Total for mass 0.6 1.3 0.8 1.3
Total for diff 0.4 1.3 0.5 1.3
Hellcity 0.1 0.9 0.1 3.3
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CDF D** Mass and Width Results
Compared with Other Experiments

M1 (MeV) r'1 (MeV) M2 (Mev) 2 (MeV)
PDG 04  |2422 = 1.8 189 +4.6 35 |24589=20 23+ 5
Belle 03 24214+ 15 £ 09 23727 +40 [24616 + 3.9 456 = 8.0
FOCUS 04 24645 +11+19 |387+53+29
CDF 04 24217 +0.7+06 |200+17+13 2463.3+06+08 |492+21+12
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Relative Branching Fraction and Search for

Direct CP Asymmetry in DO = K*K~ and n*n~ decays
_ (D= f) —T(D°>f)
- (D= f) + (D= f)

o

These Cabibbo-suppressed decays may exhibit direct CP asymmetry due
to interference between tree and penguin amplitudes.

In the standard model, Acp < 10-3 and depends on the strong

Intferaction
phase difference between the tree and penguin amplitudes.

New physics could produce Acp ~O(10-2).

Precision measurement of the relative branching fraction
r(d9 = k*k-) / 1(D0 = n*x~)
hefp2°r&¥Phe theoretichl isHRISFEP il Srche BRF8HGRInteractions !
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CDF 1l CDF I
-?:f I D™D [K'K T‘.—E D*— D°r*—[n ¥
% s000k- + charge conjugate > 5000l + charge conjugate
= =
™ < t
E aooof @ 4000}’
E 3000 R | 5 3000}
2000 ::__‘ : \ f 2000} \
1000f \‘.-_,. ;S 1 1000}- N\
u“- . .-_'":? ‘:\» Yol n
0||h‘|-_- R e S . oo
1.75 1.8 1.85 1.9 1.95 1781818218418618819
KK Mass [GeV/c’] nx Mass [GeV/c?]
SuPpre&LDO from &Nﬂh_immﬂ_mmmggwr_dgib_)_o <100 um
Mode nO DO Total
Kre| 88310+330 92600+340 | 180910 +480
KK| 8190 +140 8030 <140 16220 200
Tt 3660+69 3674+68 7334+97
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Determination of Relative Decay Rates

( —— +) — YhTht | CK e (Kn) / e(mm) = 0.8867 +- 0.0056

(D= K-71t)  Ngr  €n—n+ ¢ () / e(KK) = 1.2488 +— 0.0078
KK/Kn [%] nn/Kn [%] KK/mm [%]

Fit Model 0.64 0.54 0.67
MC Statistic 0.67 0.63 0.62
Trigger simulation 0.34 0.31 0.37
Beam spot size 0.35 0.24 0.35
Material in GEANT 0.28 0.30 0.59
Lifetime difference 0.55 0.55
D* input spectrum 0.05 <0.01 <0.01
B->D* component 0.16 0.08 0.24
Total 1.2 1.1 1.2
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Results on Relative Decay Rates
(submitted to PRL)

[(D9>KK)/T(D%> Kn) = 9.92 + 0.11(stat) + 0.12(syst) %
[(D9>nr)/T(D%> Kn) = 3.594+ 0.054(stat) + 0.040(syst) %
['(D9>KK)/T(D°> nn) = 2.760 + 0.040(stat) + 0.034(syst)

Compare with best (non CDF) measurement:
KK/Kr: 993 +0.14+0.14 % (FOCUS 2003)
nn/Kn: 3.53 +0.12 + 0.06 % (FOCUS 2003)
KK/nm: 2.81+0.10 + 0.06
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CDF Result Submitted to PRL:

AD® = KTK™)
A(D° — wtn™)

2.0 -

- 1 .E{Stﬂ.t} -

1.0 -

- Dﬁ{'ﬁ'y‘:‘f) LHJ

-1 .3{.‘itﬂﬂ -

- Dﬁ{'ﬁ'y‘:‘f) LHJ

Compare with best (non CDF) measurement:

An(KK):00+22+0.8 % (CLEO 2002)
An(nr): 1.9+3.2+0.8 % (CLEO 2002)
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D* Dalitz Properties

CDF Run Il preliminary 193pb”
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Entries per 1 MeV/e

CDF Run Il preliminary 193pb™
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We will soon improve knowledge of

BR(D*—=n*n"n")
Theory predicts direct CP
asymmetry could be O(10-3)

E791: A =-0.017+0.042,
Phys. Lett. B403 (1997)
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Summary

Tevatron Collider is a highly productive Charm Factory

Significantly improved measurements of D** Masses and Widths
reveal a larger width for the D2

Improved Measurements of Relative Branching Fractions and CP

Asymmetries for 0O - KK~ and xta” decays but no asymmetry yet
seen

Large statistics Dalitz plot for D¥ -> K™n*n™ and n™n"n" decays promises
improved branching and asymmetry measurements to come

CDF RUN II total yields for charm could be 10X that reported herel
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Mass and Width of the L=1 D Mesons

MeV] L=0 L =1
2800_— |_JP — O— 1 - 0+ 1 + 1 + 2+
D*’
2600 D’ : T
N \ D,
I - N D,
2400 N
ol |mm N &
[ p| |7
2200__ Ay z
I / Decay:
2000 D’ ~ S—wave
I 4
p —~ P or D—wave
- D
1800

8/30/2004 P. Karchin, Charm Physics @ CDF, DPF@UCR



Mass and Width of the L=1 D Mesons
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Mass Splitting in Heavy Quark Effective Theory
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Direct CP Violation in Cabibbo-Suppressed DO Decays

T SIH‘\P'*?- wqy to W u P
get a penguin o0 _
C f‘j 3 "
L \aT—— 7 ¢ <« dsb/ j
| =
. g
u T
Features: u

- Ved*Vud VS Ves*Vus - different weak phases

- AT=1/2,3/2 VS AL = 1/2 - different strong phases are likely
- m,<m, > long distance effects dominate 2 FSI

- Heavy exotic particles can run in the loop 2 sensitive to NP
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8/30/2004 P. Karchin, Charm Physics @ CDF, DPF@UCR 24



Relative Branching Ratio and Final State Interactions

u L
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Phase space favors n*n- over K*K-, larger form factors and decay
constants favors the K'K- final state:

r(p° > KK~
[(D° -7z 7)

=1.4 fobe compared with~ 2.8 from experiments
SM

Phenomenological isospin analyses using D and D* BR derive
magnitudes and phase shifts of the FSI amplitudes:

are able to reproduce the experimental K*K-/n*n- ratio

predict Agp~10-4+10-3
High precision measurements of the relative BR improve the
predictive power for A
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